The effectiveness of three semisynthetic, penicillinase-resistant penicillins alone and in combination with gentamicin was tested against 29 clinical isolates of enterococci. The minimal inhibitory concentrations of nafcillin were considerably lower than those of oxacillin and methicillin but were slightly higher than those of penicillin. At clinically achievable concentrations, the combination of nafcillin plus gentamicin produced enhanced killing against 13 of 14 strains of enterococci and was synergistic (by very rigid criteria) against 10 of 14 strains. In contrast, combinations of oxacillin plus gentamicin were synergistic against only 3 of 14 strains, and methicillin plus gentamicin produced synergistic killing against only 1 of 14 strains.
The effectiveness of three semisynthetic, penicillinase-resistant penicillins alone and in combination with gentamicin was tested against 29 clinical isolates of enterococci. The minimal inhibitory concentrations of nafcillin were considerably lower than those of oxacillin and methicillin but were slightly higher than those of penicillin. At clinically achievable concentrations, the combination of nafcillin plus gentamicin produced enhanced killing against 13 of 14 strains of enterococci and was synergistic (by very rigid criteria) against 10 of 14 strains. In contrast, combinations of oxacillin plus gentamicin were synergistic against only 3 of 14 strains, and methicillin plus gentamicin produced synergistic killing against only 1 of 14 strains.
Although enterococci are relatively resistant to many individual antibiotics (4, 16, 18) , combinations of antimicrobial agents have been shown to produce synergism in vitro against these organisms (4) (5) (6) 15) . Because the combination of penicillin with streptomycin has been demonstrated to act synergistically against many strains of enterococci, this combination has been used extensively to treat infections due to the enterococcus (7, 10) . In recent years, however, increasing numbers of enterococci have been found to be resistant to the synergistic effect of penicillin plus streptomycin (11) . Fortunately, the combination of penicillin plus gentamicin has been shown to produce enhanced killing against virtually all strains of enterococci in vitro (11, 20, 23) . Furthermore, clinical studies have confirmed the in vivo efficacy of this combination against infections due to enterococci (21; J. Carrizosa, and D. Kaye, Clin. Res. 22:705A, 1974). Accordingly, it has been suggested that the combination of penicillin and gentamicin may be the treatment of choice for the initial therapy of serious infections due to enterococci (21, 22) .
Patients with presumed septicemia frequently receive initial therapy with gentamicin plus a semisynthetic penicillin, often an anti-staphylococcal, penicillinase-resistant one. Ideally such therapy should protect against all pathogenic gram-negative and gram-positive organisms (including the enterococcus). It has been shown that the various semi-synthetic penicillins vary widely in their in vitro activity against enterococci (18) . Furthermore, in our recent clinical experience, the combination of oxacillin plus gentamicin was ineffective in the treatment of enterococcal septicemia in a young girl with extensive burns (see below).
This study was undertaken to determine which, if any, of the penicillinase-resistant penicillins act synergistically with gentamicin against the enterococci, and thus to determine which might be most effectively used for initial antibiotic coverage in situations where enterococcal septicemia is likely.
( On the 28th hospital day the patient developed increasing pulmonary insufficiency, and her chest roentgenographs revealed bilateral fluffy pulmonary infiltrates. Sputum cultures grew Staphylococcus aureus; oxacillin (10 g/day intravenously) was begun and gentamicin was continued. A single blood culture that had been drawn 3 days earlier grew out enterococci. Even though all plastic intravenous lines had been removed and despite treatment with oxacillin and gentamicin, four more blood cultures obtained over the next 5 days also grew out enterococci.
In vitro studies demonstrated that the combination of penicillin G and gentamicin was synergistic against the enterococcus isolated from the patient's blood; that is, the combination of penicillin G (10 U/ml) and gentamicin ( 5 gg/ml) resulted in a 100-fold decrease in colony-forming units as compared with penicillin G alone at 24 h ( Fig. 1 ). The combination of oxacillin plus gentamicin had no bactericidal effect on this organism ( Fig. 1) .
Because of persistent bacteremia and spiking fevers, oxacillin was discontinued and penicillin G (30 million U/day intravenously) was administered together with gentamicin starting on the 33rd hospital day. During the next several days the patient's temperature fell to normal and blood cultures remained free of enterococci for the remainder of her course.
Unfortunately, on the 40th hospital day, the patient again began to have spiking fevers and her blood cultures grew out serratia and Candida albicans. Despite treatment with amphotericin B, the patient died on the 57th hospital day.
Postmortem examination demonstrated disseminated candidiasis, with fungal forms in the kidneys and heart. There was no evidence of endocarditis. Postmortem heart blood grew out only Enterobacter sp. and Clostridium perfringens.
Comment. It is clear that in this patient enterococcal septicemia was not controlled by the administration of oxacillin and gentamicin and that penicillin plus gentamicin was required for cure. The lack of in vivo effect of oxacillin plus gentamicin against the patient's enterococcal septicemia was distrubing and raised the possibility that the semisynthetic, penicillinase-resistant penicillins in general might not be effective against enterococci, even in combination with gentamicin. However, subsequent in vitro studies with this patient's organism demonstrated effective synergism with nafcillin plus gentamicin, but not with oxacillin or methicillin plus gentamicin (Fig. 1) . This led us to undertake a more systematic study of the in vitro effectiveness of the semisynthetic, penicillinase-resistant penicillins against enterococci.
MATERIALS AND METHODS
The organisms used in this study were 15 Ag/ml; and gentamicin, either 2.5 or 5.0 ,4g/ml (always less than the MIC for gentamicin). The cultures were incubated without agitation at 37 C, and samples (0.5 ml) were removed at 0, 4, and 24 h for determination of colony counts. Details of this method have been described previously (12) .
RESULTS
In Fig. 2 are shown the frequency distributions of MIC values for the four penicillins against 29 strains of enterococci. In general, penicillin G was slightly more active than nafcillin, which was, in turn, more active than oxacillin and methicillin. At the clinically attainable concentration of 16,ug/ml, penicillin G inhibited 89% of the strains and nafcillin inhibited 83%, whereas oxacillin and methicillin inhibited only 17 and 0%, respectively. The MBC values were > 250 ,ug/ml for 86% of the strains with penicillin G, 62% of the strains with nafcillin, 97% of the strains with oxacillin, and 83% of the strains with methicillin.
To evaluate the relative effectiveness in vitro of the three semisynthetic penicillins in combination with gentamicin, we selected 14 strains of enterococci isolated from blood cultures; all had been killed synergistically by the combination of penicillin G (10 U/ml) and gentamicin (5 ,ug/ml) with an inoculum of 107 organisms/ml (13) .
The relative effectiveness of the three combinations was evaluated according to several criteria (Table 1) . If one uses the rigorous definition of synergism used in our previous studies (a decrease of 100-fold or more in colony-forming units caused by the combination as compared with the most effective of the antibiotics used alone), then the combination of nafcillin plus gentamicin was synergistic against 11 of 14 strains, whereas the combinations of oxacillin plus gentamicin and methicillin plus gentamicin were each synergistic against only 5 of 14 strains (Fig. 3) . Furthermore, significant enhanced bactericidal effect (at least 10-fold increased killing by the combination) was noted in 13 of 14 These data are, in fact, somewhat misleading because in many instances the apparent 100-fold increased killing with oxacillin or methicillin plus gentamicin was related to virtually uninhibited growth in the presence of the oxacillin or methicillin alone, which resulted in increased separation between colony counts from the flasks containing the combination as compared with the flasks containing the oxacillin or methicillin alone (Fig. 3) (4) . In vitro studies have demonstrated that combinations of penicillin and an aminoglycoside show synergistic killing against enterococci (4, 6) . The combination of penicillin plus gentamicin exhibits enhanced killing in vitro against virtually all strains of enterococci (12, 20, 23) , and this combination has been demonstrated to be effective in vivo (21; Carrizosa and Kaye, Clin. Res. 22:705A, 1974) .
Certain semisynthetic penicillins have demonstrated in vitro synergism with aminoglycosides against enterococci. In particular, enhanced killing of enterococci has been demonstrated with combinations of an aminoglycoside plus either ampicillin (11, 16, 17, 23) or carbenicillin (8, 9) .
Little attention has been devoted to evaluating the activity of the penicillinase-resistant semisynthetic penicillins against enterococci. Toala and co-workers studied the in vitro activity of several antibiotics (alone) against 382 clinical isolates of enterococci at the Boston City Hospital and noted that, extrapolating from MIC levels, the activity of nafcillin ranked below ampicillin and penicillin G, whereas methicillin and cloxacillin were substantially less active than nafcillin (18) . At a concentration of 12.5 jig/ml, penicillin G and ampicillin inhibited approximately 100% of the strains of enterococci and nafcillin inhibited about 35%, whereas methicillin and cloxacillin inhibited none. At a concentration of 25 gg/ml, nafcillin inhibited about 75% of the strains, whereas methicillin inhibited about 5% and cloxacillin inhibited essentially none.
Recently we observed a young patient with extensive burns who developed enterococcal septicemia, probably related to intravenous plastic catheters. Her infection was not controlled by discontinuation of her catheters and treatment with high doses of oxacillin and gentamicin parenterally. However, after beginning therapy with penicillin G and gentamicin, blood cultures became negative for enterococci and the patient's temperature returned to normal. In light of this apparent failure of oxacillin plus gentamicin in the in vivo treatment of enterococcal septicemia, we investigated the ability of various penicillinase-resistant, semisynthetic penicillins to act synergistically with gentamicin against enterococci.
In the current study, nafcillin was the most effective of the three semisynthetic, penicillinase-resistant penicillins in combination with gentamicin against enterococci by in vitro testing. The MIC values for nafcillin were lower than for oxacillin or methicillin, and at clinically attainable levels most strains of enterococci tested were inhibited by nafcillin but not by the other two antibiotics. More importantly, at clinically achievable concentrations, the combination of nafcillin plus gentamicin exhibited enhanced killing as compared with nafcillin alone against virtually all strains of enterococci tested, and this combination was synergistic according to very strict criteria against 10 of 14 strains tested. On the other hand, combinations of either oxacillin or methicillin with gentamicin were synergistic against only three strains and one strain, respectively. Thus, of these three penicillinase-resistant. semisynthetic penicillins, nafcillin is the most active in combination with gentamicin against enterococci.
These results demonstrate that the combination of nafcillin plus gentamicin is synergistic for many strains of enterococci and suggest that this combination may be efficacious for initial antibiotic coverage in situations where enterococcal and staphylococcal septicemia are
